Abstract -Hammerstein-typed nonlinear models can be used to represent nonlinear systems in the areas of chemical processes, biological processes, signal processing, etc. Firstly a novel multichannel algorithm for the identification of Hammerstein-typed nonlinear systems is presented, in which the coefficient parameters of the dynamic linear block and memoryless nonlinear block are identified by least squares estimation (LSE) combined with singular value decomposition (SVD). This identification algorithm can eliminate any needs for the mechanism or prior knowledge of the nonlinear or linear block. Furthermore, in comparison with traditional single-channel identification algorithm, this multi-channel one can increase the approximate accuracy remarkably. In addition, under weak assumptions on the persistency of excitation (PE) of the inputs, the algorithm provides consistent estimates in the presence of white output noise, moreover, its convergence can also be theoretically proved. At last, the performances of the identification algorithm are illustrated through simulations on a benchmark problem, a pH neutralization process, which validate the feasibility and superiority of these proposed algorithms.
I. INTRODUCTION
One of the most frequently studied classes of nonlinear models is Hammerstein-typed model [3] , which consists of the cascade connection of a static (memoryless) nonlinear block followed by a dynamic linear block. This nonlinear system model structure have been successfully used to chemical processes (pH neuralization [4] , distillation [5] , etc), biological processes [1, 6] , signal processing [6] , and communications [1] , etc. Therefore, in recent years, the identification of Hammerstein-typed nonlinear systems has become one of the most urgent and difficult tasks in the fields of process control engineering, signal processing, etc.
Several techniques have been proposed in the references [1, 2, 7, 8, 9] for the identification of Hammerstein-typed nonlinearity. Of them, one of the most efficient methods, which is based on LSE, was introduced by Bai [7] . However, it can only deal with SISO (Single Input/ Single Output) system with output white noise. Inspired by Bai's work, Gómez and Baeyens [1, 2] proposed a non-iterative identification, which can be applied to MIMO (Multi-Input/ Multi-Output) system and can guarantee consistent estimation even in the present of coloured output noise. Nevertheless, both of works of Gómez and Bai [1, 2] use just one channel to identify the system, therefore, take the intrinsic of SVD into consideration, the identification error of these algorithms inevitably can not be minimized (or adjustable). The reason is that the identification error is determined by the 2nd largest singular value (for SISO system) or the ( ) 1 n + th largest singular value (for MIMO system with n inputs).
Take the SISO system for instance, if the 2nd largest singular value is not small enough in comparison with the largest singular value the identification accuracy would be not satisfying, or even degrade to unacceptable level.
On the other hand, the achievements on the control of Hammerstein-typed nonlinearity are very limited. Most of the former related algorithms [10, 11] rely on the mechanism or prior knowledge of the memoryless nonlinear block more or less. The precision of the mechanism or prior knowledge determines the performance of these algorithms, which limits the applications of them greatly.
Aimed at these two problems, we propose a SVD-based multi-channel identification algorithm in this paper, which can preserve all of the advantages of Gómez's algorithm, and minimize the identification error. More important is that it can also eliminate the reliance of the mechanism or prior knowledge of the memoryless nonlinear block. In addition, Due to its similarity to Padé Approximate [12] , Lagurerre Functional Series has some advantages such as excellent capability to approximate the variances of control plant's input time-delay, order and other structural parameters [12] [13] [14] [15] , which are very common in real industrial productions. Thus, we take Laguerre Functional Series Model for example to approximate the dynamic linear block of each channel of our proposed multi-channel model, and then give the convergence theorem for this multi-channel model. At last, we presented the detailed identification performances of our proposed multichannel algorithm in contrast with the performances of Gómez's single-channel identification algorithm [1] .
The rest of the paper is organized as follows. In Section , the Hammerstein-typed system model is introduced, and the identification problem is formulated. Then, the multichannel identification and modeling algorithm is derived and theoretically analyzed. Case studies are presented in Section III, which illustrate the performances of the modeling algorithms on a benchmark problem. Finally, conclusion remarks are made in Section IV. The input/output relationship is then given by
are the system input, mid output, system output and output noise vectors at time k , respectively. ( )
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Then the output can be rewritten as 
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Then (2) can be rewritten in linear regressor form [16] as
Considering the S -point data set, we define 
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with the following definitions of matrices c a,
, , , . However, the approximation error of his algorithm is not small enough for most Hammerstein-typed nonlinear systems. So, an improved identification algorithm to minimize the approximation error must be proposed in this section.
Firstly, we will introduce a lemma proposed by Golub. Series [17, 18] , which has excellent parameter robustness [14] and good capability to approximate the variance of the linear system's time-delay and orders [12] , which are very common in modern industrial plants. In order to simplify the solution description of this identification problem, we will take SISO system, say, ( )
The results of MIMO system can be easily derived from the counterparts of SISO system. The details of Laguerre Functional Series Model can be seen in reference [13, 15, 19] . Now we will construct the multi-channel model, in which each channel's dynamic linear block is modeled by Laguerre Functional Series, to identify Hammerstein-typed systems. Multi-channel Model: 
where the superscript ( ) j indicate the j th identification channel, which can be represented by a Laguerre Series Model as The multi-channel model is shown in figure 2 . In each channel, the linear block is represented by Laguerre Functional Series Model which is shown in figure 3 . Thus, the multi-channel Laguerre Model for Hammerstein-typed nonlinear system is constituted by the equations (18-21) , whose convergence analysis will be given in the following theorem.
Theorem 2:
For the Hammerstein-typed nonlinear system ( ) 
Proof Firstly, apply (9) to identify the system (2) to get the LSE matrix θˆ θ , and then compute the matrix ac
The linear block is stable, and ( ) ( ) 
The theoretical foundation of our proposed multi-channel model is established by Theorem 2.
III. CASE STUDIES
Plant: simplified pH neutralization process model [20] 
IV. CONCLUSIONS
In this paper, a SVD-based multi-channel algorithm for the identification of Hammerstein-typed nonlinear system has been proposed. The algorithm is numerically robust, since it relies only on LSE and SVD. Under the weak assumptions on the persistency of excitation of the input, the algorithm provides consistent estimates even in the presence of output noise. More important is that the algorithm can eliminate any needs for the mechanism or prior knowledge about the nonlinear block and can greatly reduce the identification error by using multi-channel model. The cost for the increase of accuracy is the moderate enhancement of the computational load. In addition, as the foundation of this multi-channel identification algorithm, we also give the convergence theorem. At last, a number of simulation experiment results on a benchmark problem, a pH neutralization process, validate the feasibility and superiority of the proposed multi-channel identification algorithm.
